1 Several TATA box motifs, essential for accurate initiation of transcription and synergistic enhancement of 2 transcription were found. CAAT-box motifs that are universal enhancer elements in promoters were also predicted.
3
In addition to basal regulatory elements, a number of transcriptional regulatory elements were found. Several 4 enhancer elements, for example, CTRMCAMV35S, QARBNEXTA, QELEMENTZMZM13, and 5' UTR -5 PYRIMIDINE STRETCH and binding sites of NF-Y TF were identified. Interestingly, a repressor element like 6 RE1ASPHYA3 was also found in the promoter. These elements suggest that GhNAC4 promoter is functional in situ.
7
The presence of these motifs hints that regulation of GhNAC4 gene expression is complex and it may play a possible 8 role during plant growth and is responsive to phytohormones, environmental stresses, and light.
9
Generation and analysis of tobacco transgenics of PRO GhNAC4 :GUS: 1 0
To evaluate the promoter activity of GhNAC4 gene, 1612bp fragment was amplified by PCR and was 1 1 cloned into pTZ57R/T vector for confirmation. The promoter sequence was then cloned into a binary 1 2 vector, pCAMBIA1381Z for fusing it to GUS reporter gene in a transcriptional fusion. Transgenic 1 3 tobacco plants carrying the PRO GhNAC4 :GUS were generated using the Agrobacterium-mediated leaf disc 1 4 transformation method. A total of 12 hygromycin resistant T 0 plants were generated and were confirmed 1 5 by genomic PCR. Out of these, 11 plants exhibited the expected band sizes of 1612 bp and 1026 bp 1 6
corresponding to the size of GhNAC4 promoter sequence and HptII gene, respectively. To eliminate the 1 7 effect of gene copy number on GUS activity, only single copy T 1 progenies, P7, P9, and P17 were used 1 8
for further generation of T 2 seeds. The homozygosity of T 2 lines was confirmed by uniform 100% 1 9
germination on a medium supplemented with hygromycin. The T 2 progenies of three lines, P7.1, P9.5, 2 0 and P17.3,were used for tissue specific localization and MUG assay. 2 1 GhNAC4 localizes to various tissues during growth and development: 2 2
As several motifs pertaining to tissue localization were observed in the promoter sequence, we used GUS 2 3 histochemical assay to precisely define the spatial-temporal expression patterns of GhNAC4 promoter throughout 2 4 plant development in T 2 generation transgenics tobacco plants. Fig. 5 shows the localization of GhNAC4 gene from 2 5 vegetative to reproductive tissues in tobacco.
6
In the early stages of Tobacco growth (1 d old seedlings), GUS activity was first observed in the emerging radical 2 7 ( Fig. 5a ) and later, it was detected in emerging cotyledons, root tip and shoot apex of 3 d old seedlings, but the GUS 2 8 activity was relatively weaker in hypocotyl tissues (Fig. 5b ). In the 7, and 15 d old PRO GhNAC4 :GUS transformed 2 9 tobacco seedling, GUS expression was detected in the leaf veins, petioles, stem and root ( Fig. 5c-d) . Similar GUS 3 0 activities were maintained in the one month old seedling (Fig. 5e ). The main and the lateral roots showed GUS 1 shows the staining of the floral structures, which revealed that the GUS activity was present in the sepals, anthers, 2 pollen grains, and stigma and to a lesser extent in the petal edges. However, it was absent in the ovary and pedicel.
3
No expression was detected in the seedlings harboring a promoter-less GUS gene regardless of the developmental 4 stage (Fig. 5n ). This strongly indicates that GhNAC4 expression is under developmental and temporal control and its 5 promoter modulates a precise transcriptional regulation throughout the plant growth and development process 6 consistent with the bioinformatics data.
7
GhNAC4 localizes to vascular bundles and is wound-inducible: 8
To obtain a better understanding of tissue specificity of GUS activity, thin cross-sections of various tissues using a 9 razor blade were made. GUS staining was only detected in the vascular bundles, especially in the phloem of leaf 1 0 veins, petiole, stem, and root ( Fig. 6a-e ). Other cell types, like the pith, cortex, and epidermis remained unstained.
1
However, upon wounding, cortex, and epidermis also showed intense GUS expression ( Fig. 5k and 6f ).
2
GhNAC4 promoter is induced by various phytohormones in transgenic tobacco seedlings: 1 3
To explore the possible regulation of GhNAC4 gene expression by phytohormones, the activity of GUS was 1 4 examined by fluorometric MUG assay, and treating the PRO GhNAC4 :GUS T 2 transgenic tobacco seedlings with 1 5 various hormones. The corresponding results have been depicted in Fig. 7 . The specific activity of GUS enzyme 1 6 without any hormone treatments in GhNAC4 seedlings was measured to be 2.42±0.42pmol µg -1 min -1 . This is in 1 7 agreement with the histochemical staining results, where GUS staining was observed even in untreated seedlings.
8
When 2-week old tobacco seedlings were treated with different hormones for 24 h, the highest level of induction 1 9 was seen upon BAP treatment (~3.1 fold) and followed by ABA (~2.7 fold). GUS activities were also moderately 2 0 enhanced by IAA (~2.4 fold) and MeJA (~2.2 fold).The promoter weakly responded to GA3 (~2.1 fold) and 2 1 Ethylene (~1.8 fold) but not to SA as compared with the untreated control samples. This suggests that GhNAC4 gene 2 2 expression is regulated largely by multiple phytohormones. This data is consistent with the pattern and presence of 2 3 cis-acting elements observed in the promoter sequence.
4
GhNAC4 promoter is responsive to various environmental stress treatments: 2 5
Since we have observed that GhNAC4 gene expression was regulated by various stresses, we studied the promoter 2 6 activity in tobacco transgenics plants harboring the PRO GhNAC4 :GUS construct by treating them with various 2 7 environmental stresses for varying time points. This study was encouraged by the presence of several stress-2 8 responsive motifs in the promoter sequence, and the GUS activity was measured by the fluorometric MUG assay.
9
An approximately three-fold increase in GUS activity was observed when the seedlings were subjected to salt, 3 0 mannitol, PEG, MV, and air-drying as compared to untreated seedlings. A combination of cold and dark treatment 3 1 also activated the promoter (~2.4 fold) as compared to dark alone (~1.7 fold). Flooding stress caused by submerging 3 2 the seedlings in water moderately induced the promoter (~1.9 fold). High temperatures and wounding weakly 3 3 activated the promoter (~1.7 fold) as shown in Fig. 8 .
4
There are some differences in the expression levels among experimental systems such as cotton seedlings and 1 tobacco transgenics, suggesting the presence of complicated factors in experiments in terms of treatments. The 2 differences among the experimental systems remained to be determined.
3

Discussion: 4
Transcriptional control is essential for mediating the responses of an organism to environmental cues. The promoter 5 of a gene is critical in determining its spatial and temporal expression in the plant and during its development (Singh 6 1998). The promoter sequence specifies the recruitment of TFs, which regulate its gene expression. The short cis-7 acting elements that specify the binding for the TFs are the vital functional components of promoter function.
8
Therefore, investigations into the cis-acting elements and their interactions would aid in the understanding of the 9 mechanism of transcriptional regulation (Hudson & Quail 2003) .
0
To identify the putative cis-regulatory elements, a motif search was carried out for the promoter sequence of 1 1
GhNAC4. We found that GhNAC4 promoter region contained several cis-acting elements linked to various stress 1 2 responses, phytohormone induction, tissue-specific localization, sugar response, light response, and transcriptional 1 3 activation.
4
To precisely evaluate the function of GhNAC4, we generated transgenic tobacco plants having the PRO GhNAC4 :GUS 1 5 construct and analyzed the spatial, temporal, and developmental expression of GUS. We also studied the expression 1 6 under various external phytohormones and environmental stress treatments.
7
Understanding how hormones and genes interact in a changing environment to synchronize plant growth and 1 8 development is an important breakthrough in plant developmental biology. In a stressed condition, phytohormones 1 9 can exhibit either synergistic or antagonistic interactions to modulate plant growth (Robert-Seilanian et al. 2011 ).
0
Several phytohormones highly induced the expression of GhNAC4 such as GA3, BAP, ABA, and MeJA by 7-11 2 1 folds. Other hormones such as ethylene, SA and IAA lead to moderate increase in expression levels (4-5 fold).
2
GhNAC4 promoter region contains several key motifs linked to be involved in hormone responses.
3
ABA is an important stress hormone that plays crucial roles in plant adaptation to different stress conditions like 2 4 osmotic imbalance, salinity, and drought. ABA regulates the expression of many genes that have functions in abiotic 2 5 stress tolerance (Fujita et al. 2011) . GhNAC4 shows several folds induction by ABA ( Fig. 1 & 7) and its promoter 2 6 carried several motifs known for ABA responsiveness such as six ACGTABREMOTIFA2OSEM, eight 2 7 ABRELATERD1, and one ABREOSRAB21 motif. ACGTABREMOTIFA2OSEM is an ABA-responsive motif 2 8 found in the promoter of rice OsEm gene, which is, regulated by the seed-specific VP1 TF (Hattori et al. 2002) . The 2 9 ABRELATERD1 motif is related to the ABRE motif, and has been found upstream of Early Response to 3 0 Dehydration1 (ERD1) gene, and is responsive to ABA and showing significant upregulation under water stress 3 1 (Simpson et al. 2003) . A single copy of ABRE is insufficient for ABA-responsive transcription. Either multiple 3 2 copies of ABRE motif or ABRE along with a coupling element, forming the active ABA Response Complex 3 3 (ABRC) are essential for ABA-induced gene expression (Skriver et al. 1991) . GhNAC4 promoter was predicted to 3 4 have one CE3 coupling element. The minimal ABRC of the HVA1 promoter from barley contained one coupling 1 element and along with one ABRE motif, which were enough to confer high levels of ABA induction when linked 2 to a minimal promoter (Shen et al. 1996) .
Regulation of gene expression by cellular calcium plays a crucial role in plant responses to environmental stresses.
4
The stress stimuli trigger a burst of cytosolic calcium ions which confers changes in gene expression, thereby 5 allowing plants to adapt to the stress conditions (Knight 2000) . The ABRERATCAL motif is a sequence related to 6 ABRE, found upstream of calcium ion responsive genes. Quite a few genes upregulated by calcium ion having 7 ABRERATCAL motifs were early stress-induced genes (Kaplan et al. 2006 ). The GhNAC4 promoter region was 8 predicted to have seven ABRERATCAL motifs suggesting that it may also be responsive to calcium and ABA-9 mediated stress adaptation.
0
Gibberellins (GA) are essential for many plant developmental processes such as seed germination, plant growth, and 1 1 flower development (Richards et al. 2001) . GA and ABA are known to mediate several plant developmental 1 2 processes antagonistically, but recent data suggests the involvement of GA in plant adaptation to stress (Colebrook 1 3 et al. 2014). GhNAC4 was highly upregulated by GA3 ( Fig. 1 & 7) and its promoter has four copies GAREAT and 1 4 two copies of GARE1OSREP1 motifs, which are gibberellins responsive elements (Skriver et al. 1991 ). An R2R3- box (forming the Gibberellins Response Complex), are essential for GA induced gene expression at higher levels 2 0 (Lanahan et al. 1992; Rogers et al. 1994) . GhNAC4 promoter region also exhibits four copies of 2 1 PYRIMIDINEBOXOSRAMY1A motif. A DOF TF (OsDOF3) binds to the pyrimidine box in the promoter region 2 2 of rice RAMY1a gene that is one of the most predominant GA-responsive genes (Washio 2001). GAMYB and 2 3
OsDOF3 are shown to interact with each other and synergistically cause the GA induction of gene expression 2 4 (Washio 2003) . GAs are main targets for stress-induced growth modulation, and recent evidence indicates the 2 5 involvement of GA in either promotion or suppression of growth depending on the type of stress (Colebrook et al.
6
2014). GADOWNAT motif is a common sequence found in the genes down-regulated by GA. Interestingly, this 2 7 motif is identical to ABRE (Ogawa et al. 2003) . Five copies of this motif are present in the GhNAC4 promoter 2 8
suggesting coordinated regulation of GhNAC4 by GA and ABA.
9
Ethylene is essential for plant growth and development and plays a crucial role in responses to environmental stress GhNAC4 transcripts in cytokinin (BAP) treatment ( Fig. 1 & 7) , and the promoter region of this gene was predicted 6 to have one CPBCSPOR motif and 16 binding sites for Authentic Response Regulators1 (ARR1). ARR1 is an 
0
Auxin is a phytohormone that plays a crucial role in growth and development. It regulates the development of 1 1 primary and lateral roots and has a most profound role in vascular differentiation and venation pattern formation 1 2 (Zhao 2010). Auxin (IAA) was shown to induce the expression of GhNAC4 (Fig. 1 & 7) , and the promoter region 1 3
shows an AUXREPSIAA4, one TGA element, one GGTCCCATGMSAUR, and two CATATGGMSAUR motifs.
4
AUXREPSIAA4 is an auxin-responsive element (AUXRE) found upstream of pea IAA4 gene, which is an early 
One of the TF families modulating these multiple regulatory responses is Apetala2/ Ethylene responsive factor 3 5 (AP2/ERF) TFs (Licausi et al. 2013) . Apart from ethylene, JA, ABA, auxin, and cytokinin also regulate many 1 members of the AP2/ERF TF family. AP2/ERF TFs also modulate the content of these phytohormones by regulating 2 their biosynthesis pathways. The stimulated TFs would further regulate the downstream target genes resulting in . GhNAC4 promoter has four copies of GCC box motif. Taken together, this suggests that GhNAC4 may act 6 downstream of AP2/ERF TF.
7
As GhNAC4 expression is regulated by many phytohormones essential for stress response and plant development 8 and the promoter contains several motifs required for regulation by phytohormones, our data suggest that GhNAC4 9 TF can act as a node modulating hormonal response in a changing environment to regulate plant development. play a role in stress tolerance but also play a role in sensing and transcriptional regulation (Zhu 2016). GhNAC4 was 1 5 highly upregulated by drought (~184 fold), salinity (~43 fold), osmotic stress (~58 fold) caused by mannitol, 1 6 oxidative stress (~14 fold) induced by methyl viologen, cold (~19 fold), high temperature stresses (~6 fold), and 1 7 wounding (~5 fold) ( Fig. 2) . Binding sites for various TF such as MYB, CSD, HSF, WRKY, BELL, and C2H2, 1 8 known to be involved in environmental stress responses were observed in the GhNAC4 promoter region.
9
Low-temperature stress and drought are two major limiting physiological factors affecting plant growth, 2 0 productivity, and geographical distribution (Shinozaki & Yamaguchi-Shinozaki 2000) . GhNAC4 is significantly 2 1 upregulated by cold stress and drought ( Fig. 2 & 8) , and its promoter region carries many motifs required for 2 2 drought and cold responsiveness like MYB2CONSENSUSAT, C-REPEAT/DRE, DRECRTCOREAT, CSD, and 2 3 CBFHV TF binding sites. Two copies of MYB2CONSENSUSAT motifs are found in the GhNAC4 promoter, which 2 4 is the binding site of AtMYB2 TF, that is required for drought inducibility of rd22 gene by binding to its promoter 2 5 region (Abe 2003). Cold responsive motif, C-repeat (CRT) motif is responsible for the regulation of many cold-2 6 inducible genes in an ABA-independent manner. It is also involved in dehydration responsiveness (Stockinger et al. 
7
Soybean calmodulin (SCaM-4) is rapidly induced by pathogen attack and salt stress. This is mediated by the binding 1 8 of GT-1 TF to the promoter at the GT1GMSCAM4 motif (Park et al. 2004) . Six such motifs are also present in the 1 9
GhNAC4 promoter. OsBIHD1 TF is a BELL homeodomain TF known to induce resistance in rice in response to 2 0
Magnaporthe grisea (Luo et al. 2005) . Six copies of OsBIHD1 binding sites were found in the GhNAC4 promoter.
1
Mechanical wounding induced the expression of GhNAC4 by several folds (Fig. 2 & 8) and we observed intense 2 2 GUS staining in the wounded area ( Fig. 6 ). GhNAC4 promoter consists of four copies of WBOXNTERF3 motifs.
3
WRKY TF binds to the WBOXNTERF3 motif in the promoter of ERF3 gene of tobacco and upon wounding causes 2 4 rapid activation (Nishiuchi et al., 2004) . Thus, these motifs may modulate the expression of GhNAC4 gene in 2 5 response to various abioitc and bioitc stress.
6
Presence of ABA-dependent and independent abiotic stress-related motifs and also elicitor-induced motifs in the 2 7
GhNAC4 promoter, suggests that there is a cross-talk between various stress signaling pathways and GhNAC4 may 2 8 act as a node for the integration of these pathways. This maybe modulated by the interactions of different motifs 2 9 present in the GhNAC4 promoter.
0
Stress responses occur primarily at the level of transcription, leading to the regulation of spatial and temporal 3 1 expression of stress-induced genes (Geng et al. 2013) . Spatial and temporal patterns under the control of GhNAC4 3 2 promoter were monitored in various tissues by the detection of GUS activity in transgenic tobacco plants. In the 3 3 present investigation, we have observed the expression of GhNAC4 at the seedling stage, in the emerging radicle, 3 4 plumule, and cotyledons. GhNAC4 expression was found in the the vascular bundles of the stem, leaf, main and 3 5 lateral roots, in the later stages of plant growth. It was also observed in the guard cells and meristems. During 1 flowering, sepals, petal edges, and pollens showed GhNAC4 expression ( Fig. 5 & 6 ). Since GhNAC4 promoter has 2 very strong vasculature specific activities, the GhNAC4 promoter carried several motifs responsible for this tissue- 
6
Binding sites for quite a few other TF known to play roles in organogenesis and tissue-specific expression were 
5
In plants, soluble sugars not only function as a nutrient source but also act as signals regulating various growth and 6 development pathways (Rolland et al. 2006 ). There is a cross-talk between the environmental stress response and the 7 sugar signaling pathways to modulate plant metabolic responses by differential regulation of many genes (Ho et al. 
2
Plants responses to light are complex, and most of these responses such as development and stress signaling require 2 3 the regulation in the expression of various nuclear and plastid-encoded genes and are mediated by photoreceptors.
4
More than one photoreceptors may act on light-regulated genes thus allowing for tight control of their expression Conclusion:
1 7
In conclusion, expression, histochemical, and bioinformatics analyses showed that GhNAC4 not only expressed in 1 8 vascular bundle and guard cells and is responsive to phytohormones like ABA, JA, CK, and auxin. But it is also up-1 9 regulated under external stimuli like drought, oxidative stress, osmotic stress, salinity and cold suggesting that 2 0
GhNAC4 TF may be a common regulator of the molecular mechanism controlling plant development and stress 2 1 responses. GhNAC4 promoter may be employed in biotechnological approaches as a vascular-specific and stress-2 2 inducible promoter. In the future studies, characterization of the GhNAC4 promoter by the 5' deletion analysis 
A statistical analysis with one-way ANOVA indicates significant differences (** P<0.01, *** P<0.001, ns -not 5 significant) 
